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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

(57) [Claim(s)] 

[Claim 1] The 1st and 2nd transistors by which both : drain electrodes were connected to 
the 1 st power source in the current detector using two or more FET transistors, and both 
gate electrodes were connected to the input signal terminal; 

Constant current source connected between the source electrode of said 1st transistor, and 
the 2nd power source; 

Electrical-potential-difference comparator by which one input was connected to the 
source electrode of said 1 st transistor, and the input of another side was connected to the 
source electrode and output terminal of said 2nd transistor; 

The current detector characterized by detecting stably an excess of a predetermined value 
of the output current which flows said output terminal by comparing the potential of a 
preparation and the source electrode of said 2nd transistor with the potential of the source 
electrode of said 1 st transistor. 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a current detector. It is the circuit which 
used power metal-oxide semiconductor field effect transistor for the detail more, and is 
related with the highly precise current detector which detects that the output current 
exceeded the maximum allowed value, and intercepts MOSFET. 
[0002] 

[Description of the Prior Art] Conventionally, there was a circuit as shown in drawing 1 
as a current detector the voltage regulator using power metal-oxide semiconductor field 
effect transistor, and for Motor Driver, two juxtaposition n channel MOS FET transistors 
Ml which made the current detector 10 in the monolithic device as shown in this 
drawing, and M2 from ~ it changes. MOSFET transistor Ml for detection which is the 
1st transistor A drain electrode is the output current (load current) lo. Output terminal Po 
to receive Connecting, a gate electrode is the input signal terminal Vg. Connecting, a 
source electrode is the monitor resistance Rm. It minds and connects with the ground. 
Power-metal-oxide-semiconductor-field-effect-transistor transistor M2 which is the 2nd 
transistor Transistor MIA drain electrode is an output terminal Po similarly. It connects 
and a gate electrode is the input signal terminal Vg. It connects. Transistor M2 The 
source electrode is directly connected to the ground. Thus, the output current lo By 
dividing into the power section and a detecting element, it is the monitor resistance Rm. 



It carries out to detection and lias come to be able to carry out insertion use. Tlie current 
detector 1 0 has the electrical-potential-difference comparator COMP again. The non- 
inversed input terminal of the electrical-potential-difference comparator COMP is the 1st 
transistor Ml . A source electrode and monitor resistance Rm The node of a between to 
electrical potential difference Vm It inputs. The inversed input terminal of the electrical- 
potential-difference comparator COMP inputs reference voltage Vrf from the positive 
electrode of the source of reference voltage where the negative electrode was grounded. 
[0003] Below, actuation of the current detector 10 is explained. Generally, it is the drain 
current Id of MOSFET. Vds is expressed with a degree type in approximation in a very 
small active region compared with Vgs. 

[0004] Id =K-W/L -(Vgs-Vth) Vds ~ for a proportionality constant and W/L, the width 
versus length of a channel and Vgs are [ K / threshold voltage and Vds of the electrical 
potential difference between the gate sources and Vth ] the electrical potential differences 

between the drain sources here. 

[0005] Monitor resistance Rm When it assumes that a value is sufficiently small, it is a 
transistor Ml . Current II which flows when it is ON Rm to depend The value for a 
voltage drop Vm (=11 and Rm) is a transistor Ml . It can ignore compared with ON state 
voltage Vds between the drain sources. When this condition is fulfilled, it sets at an upper 
ceremony and is both the FET transistor Ml and M2. It can consider that Vds(es) and 
Vgs(es) are equal respectively. Since it can consider that both the transistors Ml and the 
threshold voltage Vth of M2 are almost equal, it is the FET transistor M2. Drain current 
12 FET transistor Ml Drain current II A ratio 12 / II It is set to 12 / II =(W2 / L2)/(W1 / 
LI) =n, and becomes fixed. Therefore, it is II if mirror ratio n is known. By detecting a 
value, the value of 12 (= n-Il), therefore lo (= (n+1) and II) can be known. It is good as a 
value of n at 1000. 

[0006] lo II II since it can consider that it is in proportionality Monitor resistance Rm to 
depend A part for a voltage drop Vm It compares with reference voltage Vrf (refer to 
drawing 2 ), and is Vm. By detecting having exceeded reference voltage Vrf, it is lo. It is 
detectable to have exceeded the predetermined value. In the current detector 10 of 
drawing 1 , it is Vm. If reference voltage Vrf is exceeded. Comparator COMP is the 
current-limiting signal Co. It outputs (refer to drawing 2 ). Current-limiting signal Co By 
being outputted, it is the output current lo. It is detectable to have exceeded the 
predetermined value. Current-limiting signal Co For example, gate voltage Vg By 
inputting in the current-limiting circuit (not shown) to control, it is gate voltage Vg. It can 
be made zero and the MOSFET transistor Ml and M2 can be intercepted. 
[0007] as mentioned above, proper precision with the comparatively good division 
current which flows between MOSFETs by which on resistance was adjusted within the 
monolithic device since it is, the power-metal-oxide-semiconductor-field- 

effect-transistor current detector 1 0 enables measurement of the load current of a power 
equalization circuit etc. somewhat efficiently. Monitor resistance Rm It is Rm if it is 10 
or less % of the on resistance of the detecting-element transistor Ml. Current II which 
can be disregarded and is detected It becomes the output current / current mirror ratio, 
i.e., 12 / n, mostly. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in fact, it is the detecting-element 
transistor Ml in order to suppress detection loss low. Channel width Wl Transistor M2 



W2 It must compare and must design small (Wl «W2). In that case, transistor Ml It 
compares with on resistance and is Rm. If it is made small to extent which can be 
disregarded, it is the resistance Rm for detection. It becomes inadequate [ the generated 
electrical potential difference for detection ] for usually driving the current-limiting 
circuit containing a comparator etc. Therefore, it cannot but stop using a to some extent 
big value for Rm, and is Rm. It becomes impossible to ignore. Then, the sum total 
resistance by the side of detection (mirror) swells up considerably, and there is a trouble 
that current mirror ratio will change. Namely, Rm If it cannot ignore, it is a transistor Ml . 
M2 The electrical potential difference Vds between the drain sources becomes mutually 
equal less, current mirror ratio is out of order by this, and detection precision worsens. 
[0009] This invention aims at offering the current detector where detection precision is 
high in view of the above troubles. 

[00 1 0] Other purposes of this invention are offering a current detector without detection 

loss, without using the output current in a monitor circuit. 

[0011] 

[Means for Solving the Problem] Current detector 30 using two or more FET transistors 
which can be set to this invention in order to attain the above-mentioned purpose: Both 
drain electrodes are connected to the 1st power source Vdd. Both gate electrodes are the 
input signal terminals Vg. The 1st and 2nd connected transistors Ml, M2 **; The 1st 
transistor Ml Constant current source Irf connected between a source electrode and the 
2nd power source (ground); one input ~ the 1st transistor Ml It connects with a source 
electrode. The input of another side is the 2nd transistor M2. Electrical-potential- 
difference comparator COMP connected to the source electrode and the output terminal; 
It has. The 2nd transistor M2 The potential and the 1st transistor Ml of a source electrode 
The output current lo which flows an output terminal by comparing the potential of a 
source electrode It is characterized by detecting an excess of a predetermined value. 
[0012] 

[Function] In the current detector of this invention constituted as mentioned above Both 
transistors Ml and M2 Both the source potential VI and V2 When exactly equal (VI 
=V2), it is the ratio 12 of the drain current of both transistors / II . It operates so that it 
may be set to 12 / II =(W2 / L2)/(W1 / LI) =n (mirror ratio). In order that II may take a 
predetermined value according to a constant current source Irf, it is output current lo =12. 
It will be set to 12 >I 1 and n if it flows exceeding the maximum allowed current value 
Imx. Then, V2 It falls and is VI >V2. The comparator COMP which became and 
detected it is the current-limiting signal Co. It outputs. 
[0013] 

[Example] The example of this invention is explained with reference to a drawing below. 
Drawing 3 shows the configuration of the current detector which is one example of this 
invention, two juxtaposition n channel MOS FET transistors Ml which made the current 
detector 30 in the monolithic device as shown in this drawing, and M2 from — it changes. 
A transistor Ml and M2 A p channel may be used by circuitry as shown in drawing 5 , 
and you may be MOSFET of other formats. MOSFET transistor Ml for detection which 
is the 1 st transistor A drain electrode is connected to supply voltage Rhine Vdd, and a 
gate electrode is the input signal terminal Vg. It connects and the source electrode is 
connected to the ground which is the 2nd power source through the constant current 
source Irf. Power-metal-oxide-semiconductor- field-effect-transistor transistor M2 which 



is the 2nd transistor Transistor Ml Similarly, a drain electrode is connected to supply 
voltage Rhine Vdd, and a gate electrode is the input signal terminal Vg. It connects. 
Transistor M2 A source electrode is the output current (load current) lo. Output terminal 
Po to take out It connects. Thus, it sets to this invention and is the output current lo. It is 
not dividing into the power section and a detecting element. Therefore, a detecting 
element affects an output side. The current detector 30 has the electrical-potential- 
difference comparator COMP again. The non-inversed input terminal of the electrical- 
potential-difference comparator COMP is the 1st transistor Ml. The node between a 
source electrode and a constant current source Irf to electrical potential difference VI It 
inputs, the inversed input terminal of the electrical-potential-difference comparator 
COMP ~ output terminal Po from ~ electrical potential difference V2 It inputs. The 
electrical-potential-difference comparator COMP is the current-limiting output signal Co, 
if the reversal input value becomes smaller than a noninverting input value. It outputs. 
[0014] Below, actuation of the current detector 30 is explained. Because of explanation 
of operation, it is both the transistors Ml and M2. Both the source potential VI and V2 It 
is assumed mutually that it is an equal (VI =V2) thing. At this time, the electrical- 
potential-difference comparator COMP is the current-limiting signal Co. It does not 
output. Generally it is the drain current Id of MOSFET. Vds is expressed with a degree 
type like the above-shown in a very small active region compared with Vgs. 
[0015] Id =K-W/L By the -(Vgs-Vth) Vds above-mentioned assumption (VI =V2), it is 
both the transistors Ml and M2. Electrical-potential-difference Vds(es) between the drain 
sources and electrical-potential-difference Vgs(es) between the gate sources are equal 
respectively. Both the transistors Ml and M2 Since it can consider that threshold voltage 
Vth is almost equal, it is the FET transistor M2. Drain current 12 FET transistor Ml The 
ratio 12 with the drain current II /II It is set to 12 / II =(W2 / L2)/(W1 / LI) =n. Thus, it 
is 1 1 when it shall operate according to mirror ratio n. By getting to know a value, the 
value of 12 (=n-Il), therefore lo (=12 =n-Il) can be known. It is good as a value of n at 
1000. 

[0016] Thus, both the source potential VI and V2 It is lo when equal. II Proportionality 
changes and it is However, it is II by the constant current source Irf in fact. 

A predetermined value is taken. The output current lo, i.e., 12, A maximum allowed 
current value is set to Imx, and the current value of a constant current source Irf is set up 
with Imx/n. By doing so, it is 12. It is II when it flows exceeding Imx. Since it is still Irf 
(=Imx/n), it is set to 12 >I1 and n. Then, 12 =n-Il Proportionality collapses and it is V2. It 
falls and is VI >V2. It becomes. The comparator COMP which detected it is the current- 
limiting signal Co. It outputs (refer to drawing 4 ). Therefore, current-limiting signal Co 
By having been outputted, it is lo. It is detectable to have exceeded Imx. Current-limiting 
signal Co For example, gate voltage Vg By outputting to the current-limiting circuit (not 
shown) to control, it is gate voltage Vg. It is made zero and is the MOSFET transistor Ml 
and M2. It can intercept. 
[0017] 

[Effect of the Invention] This invention is the monitor resistance Rm which was 
experienced with the conventional technique since it was constituted as above-mentioned. 
The detection error to depend is avoidable, it is a high precision and the effectiveness of 
enabling detection/limit of the load current efficiently is acquired. Moreover, current 1 1 
for detection in a monitor circuit It is supplied from the constant current source Irf, and is 



the output current lo. Since a part is not necessarily used, it is lo. It is not affected, but 
effectiveness and precision are easy also for the design of an at best still more suitable 
stabilization circuit, and there is great effectiveness ~ it is hard to be influenced by the 
service condition of a circuit. 
TECHNICAL FIELD 



[Industrial Application] This invention relates to a current detector. It is the circuit which 
used power metal-oxide semiconductor field effect transistor for the detail more, and is 
related with the highly precise current detector which detects that the output current 
exceeded the maximum allowed value, and intercepts MOSFET. 
PRIOR ART 

[Description of the Prior Art] Conventionally, there was a circuit as shown in drawing 1 
as a current detector the voltage regulator using power metal-oxide semiconductor field 
effect transistor, and for Motor Driver, two juxtaposition n channel MOS FET transistors 
Ml which made the current detector 10 in the monolithic device as shown in this 
drawing, and M2 from ~ it changes. MOSFET transistor Ml for detection which is the 
1st transistor A drain electrode is the output current (load current) lo. Output terminal Po 
to receive Connecting, a gate electrode is the input signal terminal Vg. Connecting, a 
source electrode is the monitor resistance Rm. It minds and connects with the ground. 
Power-metal-oxide-semiconductor-field-effect-transistor transistor M2 which is the 2nd 
transistor Transistor MIA drain electrode is an output terminal Po similarly. It connects 
and a gate electrode is the input signal terminal Vg. It connects. Transistor M2 The 
source electrode is directly connected to the ground. Thus, the output current lo By 
dividing into the power section and a detecting element, it is the monitor resistance Rm. 
It carries out to detection and has come to be able to carry out insertion use. The current 
detector 10 has the electrical-potential-difference comparator COMP again. The non- 
inversed input terminal of the electrical-potential-difference comparator COMP is the 1 st 
transistor Ml . A source electrode and monitor resistance Rm The node of a between to 
electrical potential difference Vm It inputs. The inversed input terminal of the electrical- 
potential-difference comparator COMP inputs reference voltage Vrf from the positive 
electrode of the source of reference voltage where the negative electrode was grounded. 
[0003] Below, actuation of the current detector 10 is explained. Generally, it is the drain 
current Id of MOSFET. Vds is expressed with a degree type in approximation in a very 
small active region compared with Vgs. 

[0004] Id =K-W/L -(Vgs-Vth) Vds ~ for a proportionality constant and W/L, the width 
versus length of a channel and Vgs are [ K / threshold voltage and Vds of the electrical 
potential difference between the gate sources and Vth ] the electrical potential differences 
between the drain sources here. 

[0005] Monitor resistance Rm When it assumes that a value is sufficiently small, it is a 
transistor Ml . Current II which flows when it is ON Rm to depend The value for a 
voltage drop Vm (=11 and Rm) is a transistor Ml . It can ignore compared with ON state 
voltage Vds between the drain sources. When this condition is fulfilled, it sets at an upper 
ceremony and is both the FET transistor Ml and M2. It can consider that Vds(es) and 
Vgs(es) are equal respectively. Since it can consider that both the transistors Ml and the 
threshold voltage Vth of M2 are almost equal, it is the FET transistor M2. Drain current 



12 FET transistor Ml Drain current II A ratio 12 / II It is set to 12 / II =(W2 / L2)/(W1 / 
LI) =n, and becomes fixed. Therefore, it is II if mirror ratio n is known. By detecting a 
value, the value of 12 (= n-Il), therefore lo (= (n+1) and II) can be known. It is good as a 
value of n at 1000. 

[0006] lo II II since it can consider that it is in proportionality Monitor resistance Rm to 
depend A part for a voltage drop Vm It compares with reference voltage Vrf (refer to 
drawing 2 ), and is Vm. By detecting having exceeded reference voltage Vrf, it is lo. It is 
detectable to have exceeded the predetermined value. In the current detector 10 of 
drawing 1 , it is Vm. If reference voltage Vrf is exceeded. Comparator COMP is the 
current-limiting signal Co. It outputs (refer to drawing, 2 ). Current- limiting signal Co By 
being outputted, it is the output current lo. It is detectable to have exceeded the 
predetermined value. Current-limiting signal Co For example, gate voltage Vg By 
inputting in the current-limiting circuit (not shown) to control, it is gate voltage Vg. It can 
be made zero and the MOSFET transistor Ml and M2 can be intercepted. 
[0007] as mentioned above, proper precision with the comparatively good division 
current which flows between MOSFETs by which on resistance was adjusted within the 
monolithic device since it is, the power-metal-oxide-semiconductor- field- 

effect-transistor current detector 10 enables measurement of the load current of a power 
equalization circuit etc. somewhat efficiently. Monitor resistance Rm It is Rm if it is 10 
or less % of the on resistance of the detecting-element transistor Ml. Current II which 
can be disregarded and is detected It becomes the output current / current mirror ratio, 
i.e., 12 / n, mostly. 
EFFECT OF THE INVENTION 



[Effect of the Invention] This invention is the monitor resistance Rm which was 
experienced with the conventional technique since it was constituted as above-mentioned. 
The detection error to depend is avoidable, it is a high precision and the effectiveness of 
enabling detection/limit of the load current efficiently is acquired. Moreover, current 1 1 
for detection in a monitor circuit It is supplied from the constant current source Irf, and is 
the output current lo. Since a part is not necessarily used, it is lo. It is not affected, but 
effectiveness and precision are easy also for the design of an at best still more suitable 
stabilization circuit, and there is great effectiveness ~ it is hard to be influenced by the 
service condition of a circuit. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, in fact, it is the detecting-element 
transistor Ml in order to suppress detection loss low. Channel width Wl Transistor M2 
W2 It must compare and must design small (Wl «W2). In that case, transistor Ml It 
compares with on resistance and is Rm. If it is made small to extent which can be 
disregarded, it is the resistance Rm for detection. It becomes inadequate [ the generated 
electrical potential difference for detection ] for usually driving the current-limiting 
circuit containing a comparator etc. Therefore, it caimot but stop using a to some extent 
big value for Rm, and is Rm. It becomes impossible to ignore. Then, the sum total 
resistance by the side of detection (mirror) swells up considerably, and there is a trouble 
that current mirror ratio will change. Namely, Rm If it cannot ignore, it is a transistor Ml . 



M2 The electrical potential difference Vds between the drain sources becomes mutually 
equal less, current mirror ratio is out of order by this, and detection precision worsens. 
[0009] This invention aims at offering the current detector where detection precision is 
high in view of the above troubles. 

[0010] Other purposes of this invention are offering a current detector without detection 

loss, without using the output current in a monitor circuit. 

MEANS 



[Means for Solving the Problem] Current detector 30 using two or more FET transistors 
which can be set to this invention in order to attain the above-mentioned purpose: Both 
drain electrodes are connected to the 1 st power source Vdd. Both gate electrodes are the 
input signal terminals Vg. The 1st and 2nd connected transistors Ml, M2 The 1st 
transistor Ml Constant current source Irf connected between a source electrode and the 
2nd power source (ground); one input — the 1st transistor Ml It connects with a source 
electrode. The input of another side is the 2nd transistor M2. Electrical-potential- 
difference comparator COMP connected to the source electrode and the output terminal; 
It has. The 2nd transistor M2 The potential and the 1st transistor Ml of a source electrode 
The output current lo which flows an output terminal by comparing the potential of a 
source electrode It is characterized by detecting an excess of a predetermined value. 
OPERATION 
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[Function] In the current detector of this invention constituted as mentioned above Both 
transistors Ml and M2 Both the source potential VI and V2 When exactly equal (VI 
=V2), it is the ratio 12 of the drain current of both transistors / II . It operates so that it 
may be set to 12 / II =(W2 / L2)/(W1 / LI) =n (mirror ratio). In order that II may take a 
predetermined value according to a constant current source Irf, it is output current lo =12. 
It will be set to 12 >I1 and n if it flows exceeding the maximum allowed current value 
Imx. Then, V2 It falls and is VI >V2. The comparator COMP which became and 
detected it is the current-limiting signal Co. It outputs. 
EXAMPLE 

[Example] The example of this invention is explained with reference to a drawing below. 
Drawing 3 shows the configuration of the current detector which is one example of this 
invention, two juxtaposition n channel MOS FET transistors Ml which made the current 
detector 30 in the monolithic device as shown in this drawing, and M2 from ~ it changes. 
A transistor Ml and M2 A p channel may be used by circuitry as shown in drawing 5 , 
and you may be MOSFET of other formats. MOSFET transistor Ml for detection which 
is the 1st transistor A drain electrode is connected to supply voltage Rhine Vdd, and a 
gate electrode is the input signal terminal Vg. It connects and the source electrode is 
connected to the ground which is the 2nd power source through the constant current 
source Irf. Power-metal-oxide-semiconductor-field-effect-transistor transistor M2 which 
is the 2nd transistor Transistor Ml Similarly, a drain electrode is connected to supply 
voltage Rhine Vdd, and a gate electrode is the input signal terminal Vg. It connects. 
Transistor M2 A source electrode is the output current (load current) lo. Output terminal 
Po to take out It connects. Thus, it sets to this invention and is the output current lo. It is 
not dividing into the power section and a detecting element. Therefore, a detecting 



element affects an output side. The current detector 30 has the electrical-potential- 
difference comparator COMP again. The non-inversed input terminal of the electrical- 
potential-difference comparator COMP is the 1st transistor Ml. The node between a 
source electrode and a constant current source Irf to electrical potential difference VI It 
inputs, the inversed input terminal of the electrical-potential-difference comparator 
COMP — output terminal Po from ~ electrical potential difference V2 It inputs. The 
electrical-potential-difference comparator COMP is the current-limiting output signal Co, 
if the reversal input value becomes smaller than a noninverting input value. It outputs. 
[0014] Below, actuation of the current detector 30 is explained. Because of explanation 
of operation, it is both the transistors Ml and M2. Both the source potential VI and V2 It 
is assumed mutually that it is an equal (VI =V2) thing. At this time, the electrical- 
potential-difference comparator COMP is the current-limiting signal Co. It does not 
output. Generally it is the drain current Id of MOSFET. Vds is expressed with a degree 
type like the above-shown in a very small active region compared with Vgs. 
[0015] Id =K-W/L By the -(Vgs-Vth) Vds above-mentioned assumption (VI =V2), it is 
both the transistors Ml and M2. Electrical-potential-difference Vds(es) between the drain 
sources and electrical-potential-difference Vgs(es) between the gate sources are equal 
respectively. Both the transistors Ml and M2 Since it can consider that threshold voltage 
Vth is almost equal, it is the PET transistor M2. Drain current 12 FET transistor Ml The 
ratio 12 with the drain current II / II It is set to 12 / II =(W2 / L2)/(W1 / LI) =n. Thus, it 
is 1 1 when it shall operate according to mirror ratio n. By getting to know a value, the 
value of 12 (=n-Il), therefore lo (=12 =n-Il) can be known. It is good as a value of n at 
1000. 

[0016] Thus, both the source potential VI and V2 It is lo when equal. II Proportionality 
changes and it is ********** However, it is II by the constant current source Irf in fact. 
A predetermined value is taken. The output current lo, i.e., 12, A maximum allowed 
current value is set to Imx, and the current value of a constant current source Irf is set up 
with Imx/n. By doing so, it is 12. It is II when it flows exceeding Imx. Since it is still Irf 
(=Imx/n), it is set to 12 >I1 and n. Then, 12 =n-Il Proportionality collapses and it is V2. It 
falls and is VI >V2. It becomes. The comparator COMP which detected it is the current- 
limiting signal Co. It outputs (refer to drawing 4 ). Therefore, current-limiting signal Co 
By having been outputted, it is lo. It is detectable to have exceeded Imx. Current-limiting 
signal Co For example, gate voltage Vg By outputting to the current-limiting circuit (not 
shown) to control, it is gate voltage Vg. It is made zero and is the MOSFET transistor Ml 
and M2. It can intercept. 
DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing I j The conventional current detector is shown. 

rDrawing: 2] It is a graph explaining actuation of the circuit of drawing 1 . 

[Drawing 3] The current detector according to one example of this invention is shown. 

[Drawing: 4] It is a graph explaining actuation of the circuit of drawing 3 . 

[Drawing 5] The current detector according to other examples of this invention is shown. 

[Description of Notations] 

30 Current Detector 

Vdd Supply voltage 



Vg Input signal electrical potential difference 
Ml The 1 st transistor 
M2 The 2nd transistor 
Irf Constant current source 
Po Output terminal 

COMP Electrical-potential-difference comparator 
lo Output current 
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